Abstract. Inflammatory diseases are an important health concern and have a growing incidence worldwide. Thus, developing novel and safe drugs to treat these disorders remains an important pursuit. Artemisia iwayomogi, locally known as Dowijigi (DJ), is a perennial herb found primarily in Korea and is used to treat various diseases such as hepatitis, inflammation and immune disorders. In the present study, the anti-inflammatory effects of a polyphenolic extract from the DJ flower (PDJ) in lipopolysaccharide (LPS)-stimulated mouse macrophage RAW264.7 cells were investigated. Cell cytotoxicity was assessed using the MTT assay. The production of nitric oxide (NO) and prostaglandin E 2 (PGE 2 ) was measured by Griess and ELISA analysis, respectively. The expression levels of inducible nitric oxide (iNOS) and cyclooxygenase-2 (COX2) were examined by western blot analysis. Reverse transcription-quantitative PCR was performed to detect the mRNA expression levels of pro-inflammatory cytokines, including tumor necrosis factor α (TNFα), interleukin (IL)-6 and IL-1β, as well as COX2 and iNOS. The production of NO and PGE 2 was significantly decreased following treatment with PDJ. The mRNA expression levels of TNFα, IL-6, IL-1β, COX2 and iNOS were significantly decreased in LPS-induced PDJ co-treated cells compared with the group treated with LPS alone. Western blot analysis indicated that PDJ downregulated the LPS-induced expression of iNOS and COX2, as well as the expression of NF-κB proteins. In conclusion, the present study demonstrated that PDJ exerted anti-inflammatory effects in LPS-induced macrophage cells by suppressing the NF-κB signaling pathway. Therefore, PDJ may be used as a potential therapeutic agent in inflammation.
Introduction
Inflammation is an important adaptive mechanism of the host immune response, and typically occurs at the site of infection. Inflammation is caused by cell injury and toxin exposure and is associated with a number of pathological conditions (1, 2) . Inflammation plays a vital role in the body's defense system via multiple mediators that allow cells to recover from damage and to regulate tissue homeostasis (3, 4) . Excessive and continuous inflammation can cause severe tissue damage that can lead to a series of disordered states, including hepatitis, pneumonia, atherosclerosis, septic shock and rheumatoid arthritis (5) (6) (7) . The normal inflammatory response is self-limiting and is maintained by the downregulation of pro-inflammatory proteins and the upregulation of anti-inflammatory proteins (4) . Therefore, targeting dysregulated inflammatory processes and regulating inflammatory mediators are regarded to be effective therapeutic approaches to managing inflammatory disorders (8, 9) .
Lipopolysaccharide (LPS) is one of the most effective activators of macrophages (10) . LPS induces the production of inflammatory cytokines and mediators such as tumor necrosis factor alpha (TNF-α), interleukin-1 (IL-1), IL-2 and IL-18, resulting in the induction of inflammatory genes like TNF-α, CXCL10, IL-2B and IL-10 via the activation of specific signaling cascades, at the transcription level (4, 11) . The imbalance and build-up of oxidative stress in the cellular environment in disease conditions, including inflammation, stroke, cancer and diabetes, often increases the generation of reactive oxygen species (12) (13) (14) . LPS-stimulated macrophages induce the production of large amounts of inflammatory mediators, including nitric oxide (NO) and prostaglandin E 2 (PGE 2 ). NO and PGE 2 are secreted in inducible isoforms, iNOS and cyclooxygenase-2 (COX2), during the inflammatory response (15, 16) .
Artemisia iwayomogi (Dowijigi) inhibits lipopolysaccharide-induced inflammation in RAW264.7 macrophages by suppressing the NF-κB signaling pathway
The nuclear transcription factor NF-κB is an important regulator that initiates inflammation (17) . NF-κB is activated by a series of intracellular signals involving inhibitor of κB kinase (IKK)α/β proteins and its phosphorylation (18) . The binding of LPS to the toll-like receptors (TLR) of activated macrophages leads to the phosphorylation and activation of IKK proteins, which allows the translocation of NF-κB into the cell nucleus, where pro-inflammatory cytokines are transcribed (19) . A reduction in NF-κB signaling pathway activity and the expression of its related proteins have been shown to alleviate inflammatory responses (20) . Thus, the NF-κB signaling pathway is a crucial target in the treatment of inflammatory diseases.
Artemisia iwayomogi, commonly known as Dowijigi (DJ), is a perennial herb that belongs to the composite asteraceae family, primarily found in Korea (21) . A. iwayomogi exerts various biological effects such as anti-oxidation, anti-inhibition and anti-inflammation, and has been widely used in the treatment of various diseases, including hepatitis, inflammation, cholecystitis and immune-related disorders (22) . Methanolic extracts of A. iwayomogi have been shown to exhibit scavenging activity in a number of diseases involving inflammation, and to inhibit NO production by LPS-activated macrophages (23) . However, the mechanism underlying the anti-inflammatory effect of DJ remains largely unknown. The anti-inflammatory activities of the polyphenolic extract of Dowijigi (PDJ) can be assessed by measuring their potential to inhibit the production of inflammatory intermediates (24) . Since macrophages play an important role in inflammation and immune defense responses, RAW264.7 mouse macrophage cells are one of the most commonly used cell line models to evaluate the anti-inflammatory effect of drugs in vitro (25) . In the present study, the inhibitory effect of PDJ on inflammatory mediators in LPS-stimulated RAW264.7 cells and the underlying mechanism of action were investigated.
Materials and methods
Plant material. A. iwayomogi plants were collected in May 2018 from Namhae Island. The plant samples were authenticated under the Korea Animal Bioresource Research Bank (plant registration no. 00754C). The voucher specimens were deposited at the herbarium of the Research Institute of Life Science. The flowers were separated from the plants and were washed with water, lyophilized and stored at -20˚C prior to extraction.
Preparation of the PDJ. The lyophilized flowers were weighed (100 g) and refluxed in 70% methanol (2 liters) at 60˚C for 20 h. The extracted mixture was filtered through a Büchner funnel and concentrated to ~300 ml at 35˚C at a variable pressure, using a rotary evaporator. To remove non-polar impurities from the concentrated filtrate, the filtrate was washed with n-hexane (300 ml) three times. Furthermore, the filtrate was extracted using ethyl acetate (100 ml) three times and dried over anhydrous magnesium sulfate. The solvent was removed from the rotatory evaporator. The resulting sticky residue was placed on the top of a silica gel sorbent (40x2.5 cm) and eluted with ethyl acetate to eliminate highly polar impurities. The solvent was then removed to yield solids of polyphenol mixture (1.74 g; 1.74% of the lyophilized plants). The mixture was stored at -20˚C until analysis.
High-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) analysis. HPLC analysis was conducted using a 1260 series HPLC system (Agilent Technologies, Inc.) with a multiple wavelength detector set at 254, 280, 320 or 360 nm. A Prontosil C18 column (length, 250 mm; inner diameter, 4.6 mm; particle size, 5 µm; Phenomenex Co., Ltd.); Bischoff Chromatography) set at 30˚C was used. The binary mobile phase system consisted of 0.1% formic acid in water (solvent A) and 0.1% formic acid in acetonitrile (solvent B). The gradient conditions were 0-10 min at 10% B, 10-60 min at 10-40% B, 60-70 min at 40-50% B, 70-80 min at 50-10% B and 80-90 min at 10% B. The flow rate was maintained at 1 ml/min and a sample injection volume of 10 µl was used in each experiment. The electrospray ionization MS/MS analysis was conducted using a 3200 QTrap LC/MS/MS system (Applied Biosystems, Fortser, CA, USA) operated in negative ion mode (spray voltage set at -4.5 kV) and nitrogen at a pressure of 45 psi was used as nebulizing agent and drying gas was supplied. The mass spectra were recorded in the range of m/z 100-1000. The obtained data were analyzed using BioAnalystTM software (version 1.4.2; SCIEX).
Cell culture. Mouse RAW264.7 macrophage cells were obtained from the American Type Culture Collection and cultured in complete DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing 10% heat-inactivated fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and supplemented with 100 U/ml penicillin and 100 µg/ml streptomycin (Thermo Fisher Scientific, Inc.). The cells were incubated at 37˚C in a humidified atmosphere containing 5% CO 2 .
Cell viability assay. RAW264.7 cells were seeded at a density of 1x10 4 cells per well in 96 well plate and then cultured with or without LPS (1 µg/ml; Sigma-Aldrich; Merck KGaA) pre-treatment at 37˚C for 1 h, followed by treatment with various concentration of PDJ (0.5, 1, 2.5, 5 and 10 µg/ml) at 37˚C for 24 h. After incubation, MTT solution (10 µl; 5 mg/ml) was added to the plate and the cells were incubated at 37˚C for ~4 h. Then, the culture media was washed off completely and the insoluble formazan crystals formed were dissolved in DMSO. The absorbance was measured at a wavelength of 590 nm using a PowerWave HT microplate spectrophotometer (BioTek Instruments, Inc.).
Griess assay for NO detection. NO production in the cell cultures was measured using the Promega Griess Reagent system (Promega Corporation) according to the manufacturer's instructions. Briefly, RAW264.7 cells were cultured at a density of 1x10 4 cells per well in 96-well plates with or without LPS pre-treatment at 37˚C for 1 h. Subsequently, cells were treated with either 2.5 or 5 µg/ml PDJ and incubated at 37˚C for 24 h. After incubation, the media in each group was collected and mixed with 50 µl sulfanilamide solution and 50 µl Griess reagent for 10 min at room temperature, protected from light. The nitrate concentration was measured at a wavelength of 520 nm. Sodium nitrite was used to generate the standard curve and NO production in the culture medium was estimated from the NO 2 concentration.
ELISA. RAW264.7 cells were seeded at a density of 5x10 4 per well in 48-well plates. The cells were pre-treated with 1 µg/ml LPS at 37˚C for 1 h and then incubated with 2.5 or 5 µg/ml of PDJ for 24 h at 37˚C. Levels of IL-1β, IL-6 and TNFα were quantified using the mouse IL-1β (cat. no. ADI-900-132A; Enzo Life Sciences, Inc.), IL-6 (cat. no. ADI-900-045; Enzo Life Sciences, Inc.) and TNFα (cat. no. ADI-900-047; Enzo Life Sciences, Inc.) ELISA kits, respectively, according to the manufacturer's instructions.
ELISA for measuring PGE 2 levels. PGE 2 levels in the cells were analyzed using a PGE 2 assay kit (cat. no. ADI-900-001; Enzo Life Sciences, Inc.), according to manufacturer's protocol. RAW264.7 cells were cultured at a density of 1x10 4 cells per well in 96-well plates with or without LPS pre-treatment at 37˚C for 1 h. Cells were subsequently treated with either 2.5 or 5 µg/ml PDJ and incubated at 37˚C for 24 h. After PDJ treatment, 100 µl standard diluent was added to the ELISA plate, followed by 100 µl sample and ~50 µl assay buffer. Then, 50 µl PGE 2 conjugate was added to the plate, followed by 50 µl PGE 2 antibody. No antibody was added to the blank wells. The plates were incubated for 2 h on a shaker at room temperature. After 2 h, the contents of the wells were emptied and the wells were washed three times with 400 µl of 1X wash solution from the PGE 2 assay kit. After the final wash, media were aspirated from the wells and 5 µl conjugate solution was added. Subsequently, 200 µl p-nitrophenyl phosphate substrate solution was added to the wells followed by incubation at room temperature for ~45 min without shaking. The reaction was stopped by the addition of 50 µl stop solution to the wells and the absorbance was measured at a wavelength of 405 nm.
Determination of protein expression by western blot analysis.
For western blot analysis, RAW264.7 cells were seeded into 6-well plates at a density of 6x10 5 cells/well and treated with 2.5 or 5 µg/ml PDJ for 24 h at 37˚C. Then, the cells were lysed in ice-cold RIPA buffer [50 mM Tris-HCl (pH 8.0), 0.5% sodium deoxycholate, 1 mM EDTA, 150 mM NaCl, 0.1 SDS and 1% NP -40] . Protein concentrations were determined using the Pierce™ bicinchoninic acid protein assay kit (Thermo Fisher Scientific, Inc.), according to the manufacturer's instructions. Equal amounts of protein (~10 µg) were separated on via SDS-PAGE on 10% gels and transferred onto PVDF membranes using the TE 77 Semi-Dry Transfer Unit (GE Healthcare Life Sciences). The blots were then blocked with 5% skimmed milk and 5% bovine serum albumin (BSA; Thermo Fisher Scientific, Inc.) for 1 h at room temperature. Membranes were further incubated with 1:1,000 dilutions of primary antibodies overnight at 4˚C. Primary antibodies of COX-2 (cat. no. 12282S; 1:1,000), iNOS (cat. no. 13120S; 1:1,000), p65 (cat. no. 8242S; 1:1,000), p-p65 (cat. no. Ser536; 3033S; 1:1,000), IκBα (cat. no. 4812S; 1:1,000), p-IκBα (Ser32; cat. no. 2859S; 1:1,000), JNK (cat. no. 9258S, 1:1,000), p-JNK1/2 (Thr183/Tyr185; cat. no. 4671S, 1:1,000), p38 (cat. no. 8690S; 1:1,000), p-p38 (Thr180/Tyr182; cat. no. 9216S, 1:1,000), ERK1/2 (cat. no. 4695S; 1:1,000), p-ERK1/2 (Thr202/Tyr204; cat. no. 4970S, 1:1,000), and β-actin (cat.
no. 3700S, 1:10,000) were purchased from Cell Signaling Technology, Inc. The membranes were washed three times for 10 min with TBST and then probed with the appropriate horseradish peroxidase-conjugated secondary antibody (anti-rabbit and anti-mouse, A120-101P and A90-116P, respectively, Bethyl Laboratory, Inc.) for 3 h at room temperature. The blots were visualized using Clarity™ ECL substrate reagent (Bio-Rad Laboratories, Inc.) and quantified by densitometry using ImageJ software (National Institutes of Health) with β-actin as the loading control. The experiment was performed in triplicate.
Determination of mRNA expression by reverse transcription-quantitative PCR (RT-qPCR).
To determine the mRNA expression levels of related proteins, RAW264.7 cells were seeded into 6-well plates at a density of 5x10 5 cells/well and treated with LPS at 37˚C for 1 h, followed by co-treatment with 2.5 or 5 µg/ml PDJ for 24 h at 37˚C. The total RNA content was isolated using Trizol ® reagent (Thermo Fisher Scientific, Inc.) and the concentration of RNA was measured using a spectrophotometer. Total RNA (1 µg) was converted to cDNA using the iScript™ cDNA synthesis kit (Bio-Rad Laboratories, Inc.) and qPCR was performed with AccuPower ® 2X Greenstar™ qPCR Mastermix (Bioneer Corporation) and a CFX384 Real TAC TGC CCT GGC TCC TAG CA-3' and antisense, 5'-TGG ACA GTG AGG CCA GGA TAG-3'. The thermocycling conditions were as follows: Pre-denaturation for 2 min at 95˚C, followed by 40 cycles at 95˚C for 5 sec, 58˚C for 30 sec and 95˚C for 5 sec. All the data were analyzed using Bio-Rad CFX Manager Version 3.1 software. Relative quantification was measured using the 2 -ΔΔCq method (26) . The mRNA expression levels were normalized against β-actin.
Statistical analysis. The data are expressed as the mean ± SEM. Data were analyzed using GraphPad Prism software (version 5.02; GraphPad Software, Inc.). Statistically significant differences were calculated using one-way ANOVA followed by Bonferroni's post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
Separation and quantification of PDJ. PDJ was separated and quantified using HPLC-MS/MS. A total of 37 peaks were identified based on the HPLC retention times and the UV-vis spectra (Fig. 1) . The phenolic compounds and flavonoids were identified according to the peaks obtained in the HPLC chromatogram and the description of their mass spectrometry quantification data based on the reference compounds from published sources are provided in Table I .
Cytotoxic effect of PDJ in RAW264.7 cells. To identify the non-toxic dose of PDJ, cells were treated with increasing concentrations of PDJ (0, 0.5, 1, 2.5, 5 and 10 µg/ml) following pre-treatment with or without LPS for 1 h. The results suggested that concentrations of PDJ ≤10 µg/ml were non-toxic, therefore, doses of 2.5 and 5 µg/ml were used for subsequent experiments ( Fig. 2A and B) . 2 . The effect of PDJ on NO production in LPS-induced RAW264.7 cells was measured by the Griess assay. Cells were pre-treated with LPS (1 µg/ml) for 1 h followed by treatment with PDJ (2.5 or 5 µg/ml). Treatment with LPS induced a significant (P<0.001) increase in NO production, which was suppressed upon further treatment with PDJ at both concentrations (Fig. 3A) . Thus, there was a decrease in the NO accumulation in the cells co-treated with PDJ and LPS compared with those treated with LPS alone. The level of PGE 2 in the LPS-induced RAW264.7 cells treated with PDJ was measured using a PGE 2 ELISA kit. The intensity of the bound antibody was measured to calculate the concentration of PGE 2 in the PDJ-treated cells. The results displayed that PGE 2 levels significantly (P<0.001) decreased upon treatment with PDJ compared with LPS-only treated cells (Fig. 3B) .
PDJ inhibits LPS-induced NO production and PGE

PDJ inhibits LPS-induced mRNA and protein expression of iNOS and COX2.
The effect of PDJ on COX2 and iNOS mRNA and protein expression levels in LPS-induced RAW264.7 cells was evaluated by RT-qPCR analysis and western blotting, respectively. The expression of COX2 and iNOS in RAW264.7 cells stimulated with LPS was significantly (P<0.001) increased compared with the non-LPS treated control cells, at both the protein (Fig. 4A and B) and mRNA ( Fig. 5A and B) level. However, the protein and mRNA expression levels of COX2 and iNOS in the RAW264.7 cells were significantly (P<0.001) decreased after treatment with PDJ. The results indicated that PDJ downregulated LPS-induced COX2 and iNOS expression at both the mRNA and protein levels.
PDJ inhibits LPS-induced mRNA expression of the inflammatory cytokines TNFα, IL-6 and IL-1β.
The effect of PDJ on the mRNA expression levels of inflammatory cytokines IL-6, IL-1β and TNFα in LPS-induced RAW264.7 cells was evaluated by RT-qPCR. mRNA levels of the inflammatory cytokines were significantly increased (P<0.001) following LPS treatment compared with the untreated control group. The levels of IL-6, IL-1β and TNFα expression decreased in LPS-treated RAW264.7 cells that were also treated with PDJ ( Fig. 6A-C) . The results indicated that PDJ suppressed cytokine expression at the transcriptional level in LPS-induced RAW264.7 cells.
PDJ induces anti-inflammatory effects in LPS-stimulated RAW264.7 cells via regulation of the NF-κB signaling pathway.
The effect of PDJ on the LPS-induced degradation and phosphorylation of NF-κB proteins and the expression levels of inhibitor of κBα (IκBα) and p65 were analyzed by western blotting. The results indicated that PDJ treatment following LPS-stimulation decreased p-IκBα and p-p65 protein expression, whereas the expression of p65 and IκBα remained unchanged (Fig. 7) . The results suggested that PDJ increased IκBα and p65 protein levels by dephosphorylating IκBα and p65 in LPS-induced RAW264.7 cells.
Discussion
Plant extracts are attracting greater interest in anti-inflammatory drug discovery due to their low side effect profile and effective mode of action (27) . Numerous varieties of phytoconstituents present in plants, including phenols, flavonoids and alkaloids, are responsible for the effective biological activities of plants, including antioxidant, anti-inflammatory, anti-atherosclerotic, anti-tumor, anti-bacterial and anti-viral effects (28) . Compounds isolated from DJ exert pharmacological effects in a number of diseases and processes, including obesity, diabetes, fatty liver, inflammation and aging (23,29,30) . However, to the best of our knowledge, no previous studies have reported the inhibitory activities of PDJ on macrophage cells for the treatment of inflammation. The present study examined the anti-inflammatory effect of PDJ on LPS-stimulated RAW264.7 cells.
The polyphenolic content in the DJ flower extract was analyzed and identified by HPLC and MS/MS. The results of the MTT assay suggested that PDJ was not cytotoxic to RAW264.7 cells at concentrations ≤10 µg/ml. Therefore, 2.5 and 5 µg/ml PDJ were used for further experiments to examine the anti-inflammatory effects of PDJ.
Oxidative stress leads to an excessive accumulation of reactive oxygen species, such as NO and PGE 2 , in activated macrophages that has been observed in both acute and chronic inflammation in a number of disease conditions, including atherosclerosis, obesity and arthritis (31) (32) (33) . Inhibition of NO production and PGE 2 accumulation modulates the inflammatory response in macrophages, leading to the reduction of swelling and redness at the infection site (34, 35) . Therefore, the present study investigated NO and PGE 2 production to determine whether PDJ could mediate the inflammatory response in RAW264.7 cells stimulated by LPS and co-treated with PDJ. The results suggested that PDJ effectively inhibited the production of NO and PGE 2 .
NO and PGE 2 are produced from L-arginine and arachidonic acid metabolites of the proteins iNOS and COX2 (36) . Thus, the mRNA and protein expression levels in LPS-stimulated RAW264.7 cells were analyzed using RT-qPCR and western blotting, respectively. Pretreatment with LPS increased the mRNA and protein expression levels of iNOS and COX2, whereas the expression levels were significantly decreased in a concentration-dependent manner in cells co-treated with PDJ. Collectively, these data suggested that the suppressive effect of PDJ on NO and PGE 2 production was a result of the inhibition of iNOS and COX2 expression, respectively.
Through synergetic interplay with the pro-inflammatory cytokines TNFα, IL-1β and IL-6, iNOS and COX2 aggravate inflammation and the inflammatory response in pathological conditions (37, 38) . The release of pro-inflammatory cytokines, *** levels of TNFα, IL-1β and IL-6, suggesting that PDJ exerted anti-inflammatory effects via inhibition of the pro-inflammatory cytokines.
The NF-κB signaling pathway is activated by the phosphorylation, ubiquitination and subsequent proteolytic degradation of NF-κB-bound IκB kinase proteins such as IκBα and p65, which in turn triggers the response of cytokine genes such as TNFα, IL-1β and IL-6 in the nucleus. Moreover, the majority of anti-inflammatory drugs interrupt the inflammatory genes including TNFα, IL-1β and IL-6 via activation of the NF-κB signaling pathway (35, 39) . The expression of the NF-κB signaling pathway-related proteins IκBα and p65 in the present study suggested that treatment with PDJ inhibited the phosphorylated forms of p65 and IκBα, while the expression levels of the whole form of the proteins remained unchanged. The ratio of p-p65/p65 and p-IκBα/IκBα were elevated in the LPS-only treated group but were not elevated in the LPS group co-treated with PDJ, indicating that PDJ promoted phosphorylation of the p65 and IκBα proteins via the NF-κB signaling pathway to increase immune function in the RAW264.7 cells.
In conclusion, the results of the present study suggested that PDJ exerted anti-inflammatory effects in RAW264.7 cells in vitro by suppressing NO and PGE 2 production, and further displayed the inhibitory effects of PDJ on the inflammatory mediators iNOS and COX2 and the pro-inflammatory cytokines TNFα, IL-1β and IL-6. Furthermore, the anti-inflammatory activity of PDJ might have occurred by direct inhibition of upstream kinases in the activation of the NF-κB signaling pathway, as summarized in Fig. 8 .
